A preliminary study of 12 male patients (mean age, 47.8 years) with coronary heart disease (six with angina pectoris and six with prior myocardial infarction but without angina) was conducted according to a common protocol in Seattle, Washington, and Louvain, Belgium. Maximal oxygen intake (V02 max) and hemodynamic studies at rest and at two or three levels of submaximal exercise in the upright position were obtained before and after a 3-month physical training program that involved three sessions of 45 min/week. "V02 max" increased 22.5% (P < 0.0001) with physical training. Changes in maximal heart rate occurred in the patients with angina (+8.4%) but not in those without angina (+0.8%). At rest and at each submaximal exercise, heart rate, mean blood pressure, and cardiac output decreased after training, whereas stroke volume was unchanged and arterio-mixed venous oxygen (A-Vo0) difference increased.
mal work load is usually decreased after physical training. This lower heart rate has to be compensated by either a larger stroke volume or a wider arteriovenous oxygen (A-V02) difference. Which of these mechanisms is effective in coronary heart disease is uncertain since A-V02 difference has been reported as increased' or unchanged2 3 after physical
training. An international cooperative study was planned, under the auspices of the Scientific Council on Cardiac Rehabilitation, International Society of Cardiology, to clarify effects of physical training on coronary patients. The study was designed to determine the changes in maximal oxygen intake ("VYo. max") with physical training and to measure the hemodynamic changes by the direct Fick principle at rest and at several submaximal exercise levels. Initial results from two participating centers (Louvain, Belgium, and Seattle, Washington) are presented at this time.
Material
Twelve male patients (ranging in age from 34 to 68 years, with a mean age of 47.8 years) with coronary heart disease had "Vo2 max" determinations and hemodynamic studies before and 3 months after the onset of a physical training program (table 1) . Six of these patients had typical exercise angina pectoris, and six others without angina had previous acute myocardial infarction. Two of the angina patients (no. 1 and 3, table 1) were taking beta-blocking agents, but the doses remained unchanged during the complete study. Patients with hypertensive disease (resting blood pressure 160/90 mm Hg), clinically manifest heart failure, or ventricular aneurysm were excluded from the study. None received digitalis. Informed consent after appropriate explanations was obtained from each subject before he entered the study.
Methods
A common protocol was used in Louvain and Seattle except for minor differences in the procedures which will be mentioned. Each patient had a clinical examination, resting 12-lead ECG, and upright chest X-ray for appraisal of heart volume.
Maximal Oxygen Intake "VO' max" was measured in a single test of progressive exercise. A multistage treadmill test Circulation, Volume XLIV, July 1971 was used in Seattle,4 5 while a multistage bicycle exercise test (with an initial work load of 10 w and successive increments of 10 w every minute) was performed in Louvain.6 Exercise was continued until the patient reached a self-determined limit of maximally tolerable fatigue, dyspnea, leg weakness, or angina pectoris. The "Vo2 max" was measured several days before the hemodynamic studies in Louvain (pre-and posttraining) and in Seattle (pretraining study); in Seattle the posttraining "VO2 max" was measured 3-4 hr after the hemodynamic study in order to reduce the patient's time lost from gainful employment.
Heart rate and ECG were monitored from a bipolar ECG lead (Seattle) Significances of differences were analyzed by means of the paired t-test; unpaired data were disregarded for the calculation of means.
Results

Maximal Oxygen Intake
After physical training (table 2), "'Vo2 max" was increased by 22 .6% (P < 0.0001), maximal ventilation by 22.4% (P < 0.001), and maximal heart rate by 4% (NS). The increase in "V02 max" was greater in patients with angina pectoris (+30.6%) who had lower pretraining values than in patients with healed myocardial infarction but no angina (+17.7%). Similarly, maximal heart rate was increased by 8% in angina patients, while the change was only 0.8% in patients without angina. There were no significant changes in heart volume.
All patients felt subjectively improved after the 3-month training program, and two patients limited by angina pectoris before training were free of angina at any level of exertion after the physical training period.
Hemodynamic Data Table 3 summarizes the hemodynamic data at rest and at exercise levels corresponding to 45% and 75% of the pretraining "VO2 max." Data at the third exercise level (corresponding to 90% of the pretraining "VO2 max") obtained before and after training in only two cases were not considered separately but were included for the general calculations and in the figures.
At rest and at the two submaximal exercise levels, ventilation, heart rate, cardiac output, mean arterial pressure, and pressure-rate product were all significantly decreased while arterio-mixed venous oxygen (A-V02) difference, arterial oxygen content, and oxygen pulse were significantly increased. Stroke volume, mean pulmonary artery pressure, and left ventricular stroke work were unchanged. Left ventricular work was significantly decreased during exercise. Minor changes occurred in peripheral vascular resistance and in pulmonary vascular resistance.
The individual data for heart rate, A-V02 difference, cardiac output, and pressure-rate Circulation, Volume XLIV, July 1971 product are presented in figures 1 to 4. Hemodynamic changes noted at rest and at submaximal level after physical training in patients with angina pectoris were not significantly different from those in patients without angina.
The increased A-V02 difference at a given submaximal level was explained primarily by increased arterial oxygen (table 3, fig. 5 ) content. However, peripheral oxygen extraction was also increased since the extraction coefficient (A-Vo2 difference divided by arterial oxygen content x 100) after training rose from 30.8 to 32.3% at rest (NS), from 46.8 to 49.5% at the low exercise level (NS), and from 56.3 to 59.3% at the higher exercise level (P < 0.01); this increase was highly significant (P < 0.001) when all resting and exercise data were pooled.
Discussion
The major hemodynamic finding was a decreased cardiac output at rest and at submaximal exercise levels after physical training. This lower cardiac output was attended by an increased A-V02 difference, an unchanged stroke volume, and lower heart HEART RATE rate and blood pressure. Consequently the pressure-rate product and the left ventricular work at submaximal exercise were also lowxer after physical training.
These changes are similar to those observed by Varnauskas et al. in six coronary patients after 1 month of physical training,1 but very different from those reported in two other studies, 2 which have shown an unchanged submaximal cardiac output with an increased stroke volume after physical training. Reviewv of these reports revealed no apparent difference either in the selection of the patients or in intensity of the physical training program that could explain such divergent results. The supine position used by Frick and Katila2 for their hemodynamic measurements is of importance, however, because of different hemodynamic adjustments in this posture.
All the studies on the effects of physical training agree on one point, namely that resting and submaximal heart rates are lower after physical conditioning.'1 --14 Consequently, for any level of submaximal energy expenditure there must be a compensatory increase in stroke volume and/or A-V,.) difference to balance the decrease in heart rate. In normal young or middle-aged subjects, both adaptive mechanisms may be operative since the submaximal stroke volume has been reported increased8s 12. 14 or unchanged'.'-". 1:1
Unlike healthy subjects, patients with coronary heart disease compensate their lowk,er 13 15 mi/1 00ml PRESSURE-RATE PRODUCT (Detry J.M., Bruce R.: Unpublished observations). The increase in maximal heart rate was confined to the patients with angina pectoris (+8%) and was not present in the patients without angina. The data collected at the level of maximal exercise have to be interpreted with caution. Indeed, the "VTo, max" measured in the angina patients is a pain-limited one and, therefore, does not have the same physiologic meaning as a true Vo9 max measured in a normal subject. Presumably the improvement noted after training in angina patients results mainly from their lower heart rate and blood pressure and, therefore, lower myocardial oxygen requirements during exercise. This could explain why, after physical training, they are able to perform more external work and, therefore, consume more oxygen before they are stopped by the anginal pain. Since the arterial blood pressure and the ejection time were not measured during maximal exercise, it is impossible to determine whether the angina patients were able to meet higher myocardial oxygen requirements21 after physical condi- Figure 4 Effects of physical training on pressure-rate product (heart rate X mean arterial blood pressure: mm Hg X 1O-2/min) at rest and during submaximal exercise. The lower pressure-rate product after physical training results from both lower heart rate and lower mean arterial blood pressure.
tioning. Although the latter is suggested by their higher maximal heart rate, the ECG evidence of myocardial ischemia is often greater at maximal exercise after physical training.22 As suggested by the values of maximal heart rate, the "'V02 max" measured before and after training in coronary patients not max" probably resulted from an expanded A-VO2 difference, since neither the maximal heart rate nor the submaximal stroke volume23 was significantly altered by physical conditioning.
In conclusion, the major effect of physical training in ambulatory patients with coronary heart disease was a significant decrease of heart rate and cardiac output at rest and at submaximal levels of exercise. Unchanged submaximal oxygen uptake was maintained by an increase in A-V02 difference associated with a higher arterial oxygen content and no change in mixed venous oxygen content. In contrast to responses of normal subjects, the stroke volume of these patients was not increased by training. At submaximal levels of exercise, lower heart rate and arterial blood pressure resulted in reduction of the pressurerate product and, accordingly, of myocardial oxygen requirements. Possibly, the coronary blood supply, although still restricted by coronary heart disease, more closely approximated myocardial metabolic demands. Since ventilation also decreased, awareness of dyspnea was often diminished as well.
